TAPE CARRIER PACKAGE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a tape carrier package (TCP) 
which is a thin semiconductor device, a fabrication method thereof, 
and a tape carrier. 
Description of the Related Art 

A conventional IC packaging is a method for protecting an IC 
body from external substances and mounting on a circuit board. In 
recent years, because IC products have an even wider range of 
applications, and material, size and configuration of packages have 
become diversified, and as the demand to mount a larger number of 
pins at an even higher density has increased, the demand to add 
higher values to the package itself has increased even more. 

One such package configuration is a TCP. A tape carrier herein 
is a semiconductor device fabricated in the following manner. A 
device hole is first formed in a flexible base tape, leads (wiring 
patterns) are formed by, for example, photolithography, and then a 
solder resist is formed to protect the leads. The TCP is a package in 
which semiconductor elements are mounted on the tape carrier and 
sealed by, for example, a resin. A package in which semiconductor 
element(s) are mounted on a tape carrier but are not sealed by a 
molding is referred to as a structure. 

In a conventional tape carrier, on a photographic film-like base 



tape made of, for example, polyimide, device holes are formed along 
the longitudinal direction of the base tape. Many sprocket holes are 
provided in the vicinity of and along the both width direction edges 
of the base tape so as to be parallel to the device holes, to facilitate 
conveyance of the base tape during manufacturing thereof, or the like. 
A plurality of leads is formed as inner lead portions which protrude 
toward each device hole. These leads are generally formed of a 
conductive metal, such as aluminum, copper, or the like. A solder 
resist is formed on the leads to protect the wiring pattern at a portion 
of the leads that are on the base tape. The entire surface of each of the 
leads is plated with Sn (tin), Au (gold), solder, or the like for 
protection and for bonding the leads. 

To mount semiconductor elements on the tape carrier, the 
semiconductor elements are bonded to the inner lead portions by, for 
example, eutectic reaction or thermo-compression. Then, a mold is 
formed by a resin, or the like. Finally, the base tape is cut out to form 
each package. The package is surface mounted on, for example, a 
printed wiring board by bonding outer lead portions thereof to the 
printed wiring board. 

A conventional TCP is shown in Figs. 15A and 15B. Fig. 15A is a 
plan view of the conventional TCP and Fig. 15B is a sectional view of 
the conventional TCP taken along line C-C of Fig. 15A. A base film 
101 is made of, for example, polyimide. Sprocket holes 102 are 
formed on the base film 101 for conveyance of the base film 101. A 
semiconductor element 110 includes protruding electrodes 111 which 
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are connected to terminals 103 via inner lead portions 105. The 
terminals 103 are connected to external circuits. The inner lead 
portions 105 and the terminals 103 are made of copper, formed by 
etching and plated with Sn, Au, or solder. The terminals 103 are 
wider than the inner lead portions 105. A solder resist 106 is formed 
on the inner lead portions 105 to protect the copper-made pattern 
except the terminals 103. A sealing resin 112 is provided to cover and 
protect the semiconductor element 110 and the inner lead portions 
105. 

Another conventional TCP is shown in Figs. 16A and 16B, 
which is disclosed in Japanese Patent Application Laid-Open (JP-A) 
No. 5-21703. Fig. 16A is a plan view of an IC package and Fig. 16B is 
a sectional view taken along line C-C of Fig. 16A. This TCP is 
fabricated in the following manner. Device holes 104 are formed on a 
tape base 102. Leads 108 are provided on the tape base 102 at the 
periphery of the device hole 104. Several semiconductor chips 106 are 
stacked in the device hole 104. Tips of the leads 108 are formed as 
inner lead portions 108a, which are connected to bumps 110 disposed 
on the semiconductor chips 106. Then, the semiconductor chips 106 
and the device hole 14 are sealed by, for example, a sealing resin 112. 
This conventional structure has drawbacks in that, because the 
semiconductor chips 106 are stacked with chip surfaces on which 
leads 108 are to be bonded facing each other, it is necessary to 
overturn the package during bonding of the leads 108. Further, 
because only the leads extending in opposed two directions are 
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connected to each semiconductor chip 106, there are limits to 
increasing packaging density of semiconductor chips. 

For several years, an IC package, known as a BGA (i.e., ball grid 
array) package which can be mounted at a high density on a printed 
wiring board, has been developed. In the BGA package, metal balls 
for connecting to external circuits are disposed in a grid-like pattern 
at the bottom of the IC package. In this configuration, because 
terminals for external connection are disposed in a two-dimensional 
plane, the number of pins can be increased without changing the 
dimensions of the package very much. 

Figs. 17A and 17B illustrate a BGA structure disclosed in JP-A 
No. 8-148526, which uses a tape carrier. Fig. 17A is a sectional 
elevation view, and Fig. 17B is a bottom view, of a BGA type IC 
package. The BGA semiconductor device has excellent moisture 
resistance property, and can be fabricated at a low cost, and can be 
produced in large quantities. In the BGA semiconductor device, a 
device hole 102a is formed in the center of a flexible resin substrate 
made of, for example, polyimide film. Leads 103 formed of a copper 
foil are provided at a surface of the substrate, and the substrate is 
used as a TCP substrate. Tips of the leads 103 are formed as inner 
lead portions 103a, which are connected to electrodes 101a of a 
semiconductor chip 101. Each lead 103 is connected to a 
corresponding bump 105, such as a solder ball disposed at the bottom 
surface of the package. 

In such conventional tape carriers, only one semiconductor 
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element can be mounted on a single tape carrier, and it is difficult to 
mount several semiconductor elements, particularly semiconductor 
elements having different sizes, on a single tape carrier at a high 
density to improve functions of the semiconductor package. 

In the package configuration which employs a combination of 
the tape carrier and the BGA, a larger number of external terminals 
may be extended from a package of the same size as those of 
conventional ones. However, it is very difficult to improve functions 
of the package itself by densely mounting several semiconductor 
elements on a single tape carrier. 

SUMMARY OF THE INVENTION 
In view of the aforementioned, an object of the present 
invention is to improve functions of and to add further values to a 
semiconductor package by mounting several semiconductor elements 
(particularly semiconductor elements of different sizes) in a single 
device hole of a tape carrier without losing TCP advantages of being 
compact and thin. 

A semiconductor package of the present invention comprises: a 
tape carrier; a first semiconductor element having a surface and a 
first electrode, on which surface the first electrode is provided; a 
longer lead which is provided on the tape carrier and connected to 
the first electrode; a second semiconductor element having a surface 
and a second electrode, on which surface the second electrode is 
provided, and the first semiconductor element is stacked; a shorter 
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lead which is provided on the tape carrier and connected to the 
second electrode and is shorter than the longer lead; and a resin 
material which seals the first semiconductor element, the second 
semiconductor element, the longer lead and the shorter lead. 

In this structure, two semiconductor elements can be stacked 
and accommodated in a single TCP and the semiconductor device can 
be made thinner. Therefore, functions of the TCP can be improved 
and higher values can be added to the TCP. 

Another semiconductor package comprises: a tape carrier; a 
first semiconductor element having a surface and a first electrode, on 
which surface the first electrode is provided; a longer lead having 
two ends and a first land, the one end being connected to the first 
electrode and the other end forming the first land on the tape carrier; 
a second semiconductor element having a surface and a second 
electrode, on which surface the second electrode is provided, and the 
first semiconductor element is stacked; a shorter lead having two 
ends and a second land, the one end being connected to the second 
electrode and the other end forming a second land on the tape 
carrier; a resin material which seals the first semiconductor element, 
the second semiconductor element, the longer lead and the shorter 
lead; and solder balls, which are mounted on the first and second 
lands for external connection. 

In this structure, since the TCP employs the BGA structure, the 
TCP can be solder-mounted on a circuit board with other parts at the 
same time by reflowing solder. 



The present invention further includes at least another longer 
lead and at least another shorter lead, wherein each of the longer 
leads and each of the shorter leads are arranged so as to alternate 
with each other. 

In this structure, because a plurality of first and second 
electrodes and a plurality of longer and shorter leads are provided, 
and each of the longer leads and each of the shorter leads are 
arranged alternately adjacent to each other, the upper and the lower 
semiconductor elements can be easily connected. 

The second semiconductor element is larger than the first 
semiconductor element, and comprises a surface area that faces the 
first semiconductor element and the second electrode is disposed 
outside the area. 

The first semiconductor element includes a first surface, on 
which the first electrode is formed, and a second surface, which is 
opposite the first surface; the second semiconductor element includes 
a third surface, on which the second electrode is formed, and a fourth 
surface, which is opposite the third surface; and the first 
semiconductor element and the second semiconductor element are 
stacked such that the second surface faces the third surface. 

In this structure, the lower semiconductor element is larger than 
the upper semiconductor element, and the electrode of the lower 
semiconductor element is disposed outside the area overlapping the 
upper semiconductor element. Therefore, the upper and the lower 
semiconductor elements can be stacked such that the surfaces having 
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the electrodes thereon face the same direction. Accordingly, it is 
unnecessary to overturn the package during bonding of the inner 
lead portions to the electrodes as in the case of conventional package. 

Further, the fourth surface is substantially devoid of the resin 
material, and the resin material is applied to substantially the 
remainder of the package. 

Accordingly, since no resin material is applied to the bottom 
surface of the lower semiconductor element, the package on the 
whole can be thinner. 

The first and the second semiconductor elements are adhered to 
each other. 

In this structure, each of the lower and the upper 
semiconductor elements has two sets of edges which are substantially 
parallel to each other, and each of the longer and the shorter leads 
extends orthogonally to each edge. Accordingly, the leads are 
arranged regularly and the TCP can be made compact. 

The longer and the shorter leads extend outwardly in the 
substantially same plane. The first and the second semiconductor 
elements are bonded together using an adhesive. 

Such a structure makes it easy to mount the TCP on the circuit 
board. 

Further, to overcome the disadvantages of the prior art, a tape 
carrier of the present invention includes: a base tape having a device 
hole formed therein; and a plurality of leads provided on the base 
tape, wherein inner lead portions of the leads which extend from the 
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periphery of the device hole toward the center of the device hole 
have several different lengths. 

In this structure, several semiconductor elements of different 
sizes can be mounted in a single device hole of the tape carrier. 
Therefore, functions of the TCP can be improved and higher values 
can be added to the TCP without losing TCP advantages of being 
compact and thin. 

Further, in the present invention, surfaces of several 
semiconductor elements are spaced apart from one another. 
Therefore, mutual interference between one semiconductor element 
and other semiconductor elements resulting from noise, or the like, 
generated by the other semiconductor elements can be reduced. 
Accordingly, improper operations of the semiconductor elements can 
be prevented while achieving aforementioned objects. 

In the present invention, because BGA is employed at the 
external connection terminals of the outer lead portion, the 
arrangement of the leads can be determined freely. Therefore, the 
number of degrees of freedom in the arranging of the terminals 
which output signals of the mounted semiconductor element and 
designing of the device using the TCP increases. Accordingly, the 
synergy between the TCP and the BGA helps to improve functions of 
the TCP, to integrate an increased number of chips, and to add higher 
values to the TCP in the same mounting area, without losing the TCP 
advantages of being compact and thin. By stacking several TCPs of 
BGA type, output and input terminals of two or more tape carriers 
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can be connected to a mount substrate in a mount area of a single 
tape carrier. Moreover, because semiconductor elements mounted on 
a tape carrier can be connected to one another, semiconductor 
elements can be integrated even more densely and the functions of 
the TCP can be further improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a plan view of a TCP of a first embodiment of the 
present invention. 

Fig. IB is a sectional view taken along line C-C of Fig. 1A. 

Fig. 2A is a plan view of a TCP of a second embodiment of the 
present invention. 

Fig. 2B is a sectional view taken along line C-C of Fig. 2A. 

Fig. 3A is a plan view of a TCP of a third embodiment of the 
present invention. 

Fig. 3B is a sectional view taken along line C-C of Fig. 3A. 

Fig. 4A is a plan view of a TCP of a fourth embodiment of the 
present invention. 

Fig. 4B is a sectional view taken along line C-C of Fig. 4A. 

Fig. 5A is a plan view of a TCP of a fifth embodiment of the 
present invention. 

Fig. 5B is a sectional view taken along line C-C of Fig. 5A. 

Fig. 6A is a plan view of a TCP of a sixth embodiment of the 
present invention. 

Fig. 6B is a sectional view taken along line C-C of Fig. 6A. 
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Fig. 7 A is a plan view of a TCP of a seventh embodiment of the 
present invention. 

Fig. 7B is a sectional view taken along line C-C of Fig. 7 A. 

Fig. 8 is a sectional view of a TCP of an eighth embodiment of 
the present invention. 

Fig. 9A is a plan view of a TCP of a ninth embodiment of the 
present invention. 

Fig. 9B is a sectional view taken along line C-C of Fig. 9A. 

Fig. 10 is a sectional view of a TCP of a tenth embodiment of the 
present invention. 

Fig. 11 is a sectional view of a TCP of an eleventh embodiment 
of the present invention. 

Fig. 12 is a sectional view of a TCP of a twelfth embodiment of 
the present invention. 

Figs. 13A-13D are sectional views illustrating steps of 
fabricating a TCP of a thirteenth embodiment of the present 
invention. 

Figs. 14A-14D are sectional views illustrating steps of 
fabricating a TCP of a fourteenth embodiment of the present 
invention. 

Fig. 15A is a plan view of a conventional TCP. 
Fig. 15B is a sectional view taken along line C-C of Fig. 15A. 
Fig. 16A is a plan view of another conventional TCP (disclosed 
inJP-A No. 5-21703). 

Fig. 16B is a sectional view taken along line C-C of Fig. 16A. 
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Fig. 17A is a sectional elevation of yet another conventional 
TCP (disclosed in JP-A No. 8-148526). 

Fig. 17B is a bottom view of Fig. 17A. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, embodiments of the present invention will be 
described with reference to the drawings. 
First Embodiment 

Figs. 1A and IB illustrate a first embodiment of the present 
invention. Fig. 1 A is a plan view showing a TCP of the first 
embodiment of the present invention and Fig. IB is a sectional view 
of Fig. 1A taken along line C-C. 

A base film 101 is made of a polyimide, for example. Sprocket 
holes 102 are formed on the base film 101 to convey the same. 
Protruding electrodes 111 are provided on a lower semiconductor 
element 110. The electrodes 111 are connected to terminals 103 via 
inner lead portions 105. Protruding electrodes 108 are provided on an 
upper semiconductor element 107. The electrodes 108 are connected 
to terminals 103 via inner lead portions 104. The terminals 103 are 
connected to external substrates. The width of the inner lead portion 
104 or 105 decreases at the portion where it is connected to the 
electrode 108 or 111 to make space between adjacent leads. The inner 
lead portion 105 is shorter than the inner lead portion 104. The upper 
and the lower semiconductor elements 107 and 110 are substantially 
square-shaped, and the upper semiconductor element 107 is smaller 
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than the lower semiconductor element 110. The tape carrier of the 
present embodiment may be applied to upper and lower 
semiconductor elements 107 and 110 of any shape, such as 
rectangular, by changing an arrangement of the inner lead portions 
formed on the base film 101. The upper semiconductor element 107 is 
stacked on and adhered to the lower semiconductor element 110 
using an adhesive 109. 

The electrodes 108 and 111 are disposed along each of four 
edges of the upper or lower semiconductor element 107 or 110. The 
electrodes 111 are spaced apart from the peripheral edges of the 
upper semiconductor element 107, whereby the upper semiconductor 
element 110 does not inhibit bonding of the inner lead portions 104 to 
the electrodes 111 of the lower semiconductor element 110. The upper 
semiconductor element 107 is aligned with the lower semiconductor 
element 110 so that corresponding edges of the two semiconductor 
elements 107 and 110 are parallel to each other, and, at the same time, 
each electrode 108 of the upper semiconductor element 107 is 
disposed between the adjacent electrodes 111 of the lower 
semiconductor element 110. The inner lead portions 104 and 105 are 
connected to the electrodes 108 and 111, respectively. Each inner lead 
portion 104 is disposed between the adjacent inner lead portions 105, 
i.e., the inner lead portion 104 and the inner lead portion 105 are 
disposed alternately. However, arrangement of the inner lead 
portions 104 and 105 is not limited to the above manner. For example, 
of the leads extending in one direction, several inner lead portions 
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104 may be disposed successively, and, subsequently, several inner 
lead portions 105 may be disposed successively. Further, the four 
groups of the leads extending in each of the four directions may only 
include one of inner lead portions 104 or 105. 

End portions of the inner lead portions 104 and 105, which are 
opposite to the end portions where the inner lead portions 104 and 

105 are connected to the electrodes 108 and 111, are formed as the 
terminals 103. The terminals 103 are connected to external circuits. 
The terminals 103 and the inner lead portions 104 and 105 are plated 
with Sn, Au or solder. These copper wiring patterns composed of the 
inner lead portions 104 and 105 are nipped between a solder resist 

106 and the base film 101 and shielded from the outside. A sealing 
resin 112 seals the whole of upper semiconductor element 107, side 
surfaces of the lower semiconductor element 110, the inner lead 
portions 104 and 105, a part of the solder resist 106 and a part of the 
base film 101 to protect the whole package. In this structure, because 
the bottom surface of the lower semiconductor element 110 is not 
covered with the sealing resin 112, the TCP on the whole can be made 
thinner than conventional TCPs. 

Second Embodiment 

Figs. 2A and 2B illustrate a second embodiment of the present 
invention, which employs a BGA structure. In the BGA structure, a 
terminal 103 which is connected to an external circuit includes a land 
on which a metal ball, such as a solder ball, is disposed. Fig. 2A is a 
plan view of a TCP of the second embodiment and Fig. 2B is a 
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sectional view taken along line C-C of Fig. 2A. A base film 101 is 
made of, for example,. poly imide. Sprocket holes 102 are formed on 
the base film 101 to convey the same. As in the case of the first 
embodiment, the upper and the lower semiconductor elements 107 
and 110 are substantially square-shaped, and the upper 
semiconductor element 107 is smaller than the lower semiconductor 
element 110. The tape carrier of the present embodiment may be 
applied to upper and lower semiconductor elements 107 and 110 of 
any shape, such as rectangular, by changing the arrangement of the 
inner lead portions formed on the base film 101. The upper 
semiconductor element 107 is aligned with the lower semiconductor 
element 110 so that corresponding edges of the two semiconductor 
elements 107 and 110 are parallel to each other. The upper 
semiconductor element 107 is stacked on and adhered to the lower 
semiconductor element 110 using an adhesive 109. The inner lead 
portion 105 is shorter than the inner lead portion 104. 

Each of the inner lead portions 104 and 105 is connected to a 
corresponding land 115 and connected to an external circuit via the 
land 115. The lands 115 are disposed in a grid pattern on a surface of 
the base film 101 to surround the stacked structure of the upper and 
the lower semiconductor elements 107 and 110. On each land 115, a 
metal ball 116, such as a solder ball, is disposed through which the 
package is connected to external circuits. The metal balls 116 
protrude from the surface of a sealing resin 112. In this configuration, 
because the lands 115 for external connection are disposed in a 
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two-dimensional plane, the number of pins can be increased without 
changing the dimensions of the package very much. The land 115, the 
inner lead portions 104 and 105 are made of copper and plated with 
Sn, Au or solder. 

The electrodes 108 and 111 are disposed along each of four 
edges of the upper and lower semiconductor elements 107 and 110, 
respectively. The electrodes 111 are spaced apart from the peripheral 
edges of the upper semiconductor element 107, whereby the upper 
semiconductor element 107 does not inhibit bonding of the inner lead 
portions 104 and 105. 

Each inner lead 104 is disposed between the adjacent inner lead 
portions 105. The land-side end portions of the inner lead portions 
104 and 105, which are opposite to the end portions where the inner 
lead portions 104 and 105 are connected to the electrodes 108 and 111, 
are formed as the terminals for being connected to external circuits. 
The inner lead portions 104 and 105, which are made of copper, are 
nipped between a solder resist 106 and the base film 101 and shielded 
from the outside. A sealing resin 112 seals the whole of the upper 
semiconductor element 107, side surfaces of the lower semiconductor 
element 110, the inner lead portions 104 and 105, a part of the solder 
resist 106 and a part of the base film 101 to protect the whole of 
package. As in the case of the first embodiment, the bottom surface of 
the lower semiconductor element 110 is not covered with the sealing 
resin 112. Accordingly, the TCP of the present embodiment has the 
advantage that it can be made thinner since no sealing resin is 
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applied to the bottom surface. 
Third Embodiment 

Figs. 3 A and 3B schematically illustrate a third embodiment of 
the present invention. Fig. 3A is a plan view schematically 
illustrating a TCP structure having three semiconductor elements 
mounted on a tape carrier. Fig. 3B is a sectional view taken along line 
C-C of Fig. 3A and seen from the direction indicated by arrows. 

Hereinafter, the third embodiment of the present invention will 
be described with reference to Figs. 3A and 3B. A tape carrier 10 of 
the present embodiment is formed by an elongated base tape 11 
which includes a plurality of device holes 14. Sprocket holes 12 are 
formed on the base tape 11 to convey the same. Several sets of leads 
16 are disposed regularly along each of the four peripheral edges 15 
of the device hole 14. Each set of leads 16 is composed of three leads 
including inner lead portions of three different lengths, i.e., a first 
lead 16a, a second lead 16b which is shorter than the first lead 16a, 
and a third lead 16c which is shorter than the second lead 16b, which 
are basically arranged in this order. Here, the leads 16a, 16b and 16c 
are distinguished by the lengths of the inner lead portions thereof, 
rather than the overall lengths (the same applies to the following 
embodiments). As shown in Fig. 3 A, in the present embodiment, 
three sets of leads 16 are disposed along each of the four peripheral 
edges 15 of the device hole 14. A third lead 16c is added at the right 
end of the three sets of the leads 16. The inner lead portion, as used 
herein, means a portion of the inner lead portion 16 extending from 
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the device hole edge 15 into the device hole 14. 

A solder resist 18 covers and protects portions of the leads 16, 
which portions are disposed on the base tape 11. 

Although the solder resist 18 actually covers the leads 16, only 
outlines of the solder resist 18 are shown in Fig. 3 A to make this 
drawing of the arrangement of the leads 16 simple and easy to 
understand (the same applies to the following drawings). 

The inner lead portion lengths of the first, second and third 
leads 16a, 16b and 16c are separately decided based on the size and 
the thickness of the semiconductor element which is to be bonded to 
each inner lead portion, and based on the electrode arrangement for 
bonding with the inner lead portion (which will be described in 
detail later). 

Three semiconductor elements, i.e., a first semiconductor 
element 20, a second semiconductor element 30 and a third 
semiconductor element 40, are mounted in the device hole 14. First 
protruding electrodes 22, which are used as bonding pads, are 
disposed on an upper surface of the first semiconductor element 20 
along the edges thereof. Second protruding electrodes 32 are 
disposed on an upper surface of the second semiconductor element 
30 along the edges thereof. Third protruding electrodes 42 are 
disposed on an upper surface of the third semiconductor element 40 
along the edges thereof. 

Each of the first, second and third semiconductor elements 20, 
30 and 40 has a rectangular-parallelepiped shape and the shapes of 
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the upper surfaces of which are similar to one another. The thickness 
of the three semiconductor elements is identical. The dimensions of 
the upper surface of the first semiconductor element 20 are the 
smallest of the three, the dimensions of the upper surface of the 
second semiconductor element 30 are larger than those of the first 
semiconductor element 20, and the dimensions of the upper surface 
of the third semiconductor element 40 are the largest of the three. 
These three semiconductor elements 20, 30 and 40 are disposed on 
the tape carrier 10 so as to form a stepped-pyramidal shape. 

It is preferable to adhere the semiconductor elements mounted 
on the tape carrier 10 (the first semiconductor element 20, the second 
semiconductor element 30 and the third semiconductor element 40 in 
the present embodiment) to one another using an adhesive (not 
shown) to minimize the thickness of the TCP, as long as functions of 
the semiconductor elements are not impaired and the semiconductor 
elements can be stacked with enough area left for the bonding pads. 
For example, the bottom surface of the first semiconductor element 
20 is adhered to the upper surface of the second semiconductor 
element 30, and the bottom surface of the second semiconductor 
element 30 is adhered to the upper surface of the third semiconductor 
element 40 using the adhesive. However, the semiconductor elements 
may also be disposed in a mold 60, with spaces left between adjacent 
semiconductor elements to prevent operation malfunctions of the 
semiconductor elements resulting from, for example, mutual 
interference among the semiconductor elements due to noise, or the 
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like, generated by the semiconductor elements. 

A lower surface of the end portion of the first lead 16a is 
bonded to the bonding pad, i.e., the first protruding electrode 22 on 
the first semiconductor element 20. A lower surface of the end 
portion of the second lead 16b is bonded to the second protruding 
electrode 32 on the second semiconductor element 30. A lower 
surface of the end portion of the third lead 16c is bonded to the third 
protruding electrode 42 on the third semiconductor element 40. 

In the third embodiment, in a case in which three 
semiconductor elements are to be mounted, several sets of the inner 
lead portions having the three different lengths are disposed 
regularly and parallel to one another on the tape carrier. However, by 
altering, for example, the arrangement of the semiconductor elements, 
the number of semiconductor elements to be mounted can be larger 
than the number of the lengths of the inner lead portions in each set. 

Accordingly, the present invention is a tape carrier and a TCP 
employing the same, the tape carrier including sets of inner lead 
portions having two or more different lengths, and the number of 
semiconductor elements to be mounted being equal to or more than 
the number of the inner lead portion lengths. 

As described above, by preparing inner lead portions having 
different lengths based on the number or the size of the 
semiconductor elements to be mounted, the arrangement of the 
bonding pad, or the like, two or more semiconductor elements, 
especially of different sizes, can be easily mounted on a single tape 
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carrier. Therefore, functions of the TCP can be improved and higher 
values can be added to the TCP within the same mounting area as 
those of conventional TCPs. 

Because the first semiconductor element 20 is placed on the top 
of the stacked semiconductor elements, the protruding electrodes 22 
may be disposed at any positions on the first semiconductor element 
20 as long as the first leads 16a of the tape carrier 10 can be bonded 
thereto. However, in the case in which several semiconductor 
elements are adhesively stacked, positions of the second protruding 
electrodes 32 on the upper surface of the second semiconductor 
element 30 must be decided so that the first semiconductor element 
20 and the second leads 16b which are bonded on the second 
protruding electrodes 32 do not form short circuits, and that the 
second protruding electrodes 32 on the second semiconductor 
element 30 and the first protruding electrodes 22 on the first 
semiconductor element 20 are physically and electrically spaced 
apart from each other. But this does not apply to a case in which the 
semiconductor elements are not adhered to and are spaced apart 
from one another. Positioning of the third protruding electrodes 42 
on the surface of the third semiconductor element 40 is similar to that 
of the second protruding electrodes 32. 

Generally, the semiconductor elements are offset downwardly 
from the plane of the tape carrier when bonded to the inner lead 
portions, to prevent short circuits formed between leads from 
occurring. 
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In a case in which the tape carrier of the present invention is 
produced using prefabricated semiconductor elements, the lengths of 
the inner lead portions are determined based on the following 
conditions: the size and thickness of the semiconductor elements to 
be bonded to the inner lead portions, the margin of the inner lead 
portion required for a desired offset, and the like. It is preferable to 
determine the thickness of the completed package as a whole so that 
no malfunctions will occur when the package is mounted on, for 
example, a printed wiring board, without impairing the 
characteristics of the TCP, such that they can be made thin and 
compact. 

It is preferable to set the lengths of the inner lead portions as 
short as possible within the range of the above-described conditions 
to prevent short circuits from being formed between the inner lead 
portions. The widths of the end portions of the inner lead portions 
are preferably set as wide as possible to make it easier to bond the 
inner lead portions to the bonding pads of the semiconductor 
elements. 

In the third embodiment and in the following embodiments, 
any materials may be employed as the base tape as long as they meet 
the object of the present invention. 

Though the device hole 14 and the surfaces of the 
semiconductor elements in the third embodiment are 
rectangular-shaped, the configuration of the present invention sets no 
limits on the shapes of the device hole 14 and the semiconductor 
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elements. They may also be circular or elliptical-shaped (the same 
applies to the following embodiments). 

Though the semiconductor elements mounted on the tape 
carrier 10 are of the same thickness in the third embodiment, 
semiconductor elements of different thicknesses may also be 
employed as long as the objects of the present invention are 
accomplished (the same applies to the following embodiments). 

In the third embodiment, the upper surfaces of the 
semiconductor elements mounted on the tape carrier 10 are all 
rectangular-shaped. However, the upper surfaces of the first, second 
and third semiconductor elements 20, 30 and 40 may be of different 
shapes as long as their own functions are not impaired (the same 
applies to the following embodiments). 

In the present embodiment, the structure of the tape carrier 
(especially the inner lead portions) are designed based on the 
structure of the semiconductor elements. However, electrodes on the 
semiconductor elements may be optimally arranged to be suited for a 
tape carrier which includes sets of inner lead portions of several 
lengths. 

The semiconductor elements and the inner lead portions, after 
bonded to each other, are sealed by a mold 60 formed of resin, or the 
like. In a case in which a thermosetting adhesive is applied to the 
semiconductor elements, the adhesive is hardened by the heat 
applied when the mold 60 is formed (the same applies to the 
following embodiments). 
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In the tape carrier structure of the third embodiment, the 
semiconductor elements having different sizes may be mounted at 
the single device hole. Therefore, functions of the TCP can be even 
further improved and even higher values can be added to the TCP 
within the same mounting area as those of conventional TCPs 
without sacrificing advantages of a TCP that is compact and thin. 

Next, referring to Figs. 3 A and 3B, an example of fabrication 
method of the tape carrier and the TCP of the present invention will 
be explained. 

First, the sprocket holes 12 and the device holes 14 are formed 
on the flexible base tape 11 which is formed of a polyimide film, a 
polyester film or the like. These holes are preferably formed 
mechanically with a mold, a puncher, or the like. 

The upper surface of the base tape 11 is laminated with copper 
foil. Thereafter, the lengths, widths, arrangements, and the like, of 
the inner lead portions are decided based on the size of the 
semiconductor elements, electrode arrangements, positions of the 
semiconductor elements in the package, and the like. Then, according 
to the above conditions, a plurality of leads 16 is formed through a 
photo-resist forming process, an etching process, or the like. 

Thereafter, all of the exposed surfaces of the leads 16 are plated 
with metal, such as Au, Sn, solder, or the like, to facilitate bonding to 
the semiconductor elements and to protect the leads. Finally, the 
solder resist 18 is formed on the upper surface of the base tape 11 to 
protect the leads 16 for an area of the leads 16, which area is on the 
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base tape 11. In this manner, the tape carrier 10 of the present 
invention is fabricated. 

Next, a fabrication method of the TCP will be explained. The 
semiconductor elements are generally bonded to the tape carrier 10 
by the eutectic reaction or the thermo-compression between the metal 
plating material plated on the leads 16 and the bonding pads, or the 
like, disposed on the semiconductor elements. To explaini in more 
detail, the metal plating material which is applied to at least upper 
surface, and optionally, the lower and/ or side surfaces (one or both 
of the side surfaces) is melted to be bonded to the bonding pads of 
the semiconductor elements by the eutectic reaction or the 
thermo-compression. 

Each of the first leads 16a and the corresponding first 
protruding electrode 22 of the first semiconductor element 20 are 
aligned and bonded to each other using a bonding device. Then, each 
of the second leads 16b and the corresponding second protruding 
electrode 32 of the second semiconductor element 30 are aligned with 
and bonded to each other using the bonding device. When the leads 
and the electrodes are aligned with each other, an adhesive, or the 
like, may be applied in advance to the lower surface of the first 
semiconductor element 20 to adhere the first semiconductor element 
20 to the second semiconductor element 30. The third semiconductor 
element 40 is bonded to the third leads 16c in a similar manner. If 
desired, the adhesive, or the like, may be applied to the lower surface 
of the second semiconductor element 30 to adhere the second 
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semiconductor element 30 to the third semiconductor element 40, so 
that the three semiconductor elements are adhered to one another. If 
four or more of the semiconductor elements are to be mounted on the 
tape carrier of the present invention, the same processing may be 
employed in principle. In this manner, the structure shown in Figs. 
3 A and 3B is obtained. 

Finally, the mounted semiconductor elements and the inner 
lead portions are sealed by a mold 60 formed of resin, or the like. At 
this time, in consideration of a heat dissipation property of the 
semiconductor elements, cost performance optimization resulting 
from savings of molding material, and the like, surfaces of one or 
more of the mounted semiconductor elements may be exposed. If 
semiconductor elements of different widths are mounted, surfaces of 
one or more of the semiconductor elements may be exposed in 
accordance with the total thickness of the stacked semiconductor 
elements. 
Fourth Embodiment 

Figs. 4A and 4B schematically illustrate a fourth embodiment of 
the present invention. Fig. 4A is a plan view schematically 
illustrating a TCP structure having three semiconductor elements 
which are mounted in another arrangement on a tape carrier 10. Fig. 
4B is a sectional view taken along line C-C of Fig. 4A and seen from 
the direction indicated by arrows. 

Hereinafter, the fourth embodiment of the present invention 
will be described with reference to Figs. 4A and 4B. The tape carrier 
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10 of the fourth embodiment differs from that of the third 
embodiment in that the tape carrier 10 of the fourth embodiment 
comprises the sets of leads 16, each set being composed of two leads 
including inner lead portions of two different lengths, i.e., the first 
lead 16a and the second lead 16b, which is shorter than the first lead 
16a. Several sets of leads 16 are disposed parallel to one another on 
the base tape 11. As shown in Fig. 4A, two sets of leads 16 are 
disposed along each of the four peripheral edges 15 of the device hole 
14. A second lead 16b is added at the right end of the two sets of the 
leads 16. Several sets of leads 16 are disposed parallel to one another 
so as to extend from the device hole edge 15 into the device hole 14. 

Three semiconductor elements, i.e., the first semiconductor 
element 20, the second semiconductor element 30 and the third 
semiconductor element 40, are mounted at the device hole 14. The 
first protruding electrodes 22 are disposed on the upper surface of 
the first semiconductor element 20. The second protruding electrodes 
32 are disposed on the upper surface of the second semiconductor 
element 30. The third protruding electrodes 42 are disposed on the 
upper surface of the third semiconductor element 40. Thus, the three 
semiconductor elements are oriented in the same direction in regard 
to the positions where the protruding electrodes are disposed. 

Each of the first, second and third semiconductor elements 20, 
30 and 40 has a rectangular-parallelepiped shape. The upper and the 
lower surfaces of the third semiconductor element 40 are of identical 
square-shaped. The thickness of the three semiconductor elements is 
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identical. The dimensions of the upper surface of the first 
semiconductor element 20 are the smallest of the three, the 
dimensions of the upper surface of the second semiconductor 
element 30 are larger than those of the first semiconductor element 20, 
and the dimensions of the upper surface of the third semiconductor 
element 40 are the largest of the three. The length of the longer sides 
of the upper surface of the first semiconductor element 20 is equal to 
the length of the longer sides of the upper surface of the second 
semiconductor elements 30. The total length of a shorter side of the 
upper surface of the first semiconductor element 20 and a shorter 
side of the upper surface of the second semiconductor element 30 is 
smaller than the length of the longer sides of the upper surface of the 
second semiconductor element 30 or than the length of an outer 
peripheral edge of the upper surface of the third semiconductor 
element 40. The first and second semiconductor elements 20 and 30 
are disposed in parallel with the longer sides facing each other. In the 
present embodiment, the first and the second semiconductor 
elements 20 and 30 are mounted on the upper surface side of the 
third semiconductor element 40 so that their own functions are not 
impaired. That is, the first and the second semiconductor elements 20 
and 30 are mounted so as not to impair the functions of the bonding 
pads, the protruding electrodes, or the like, disposed on the third 
semiconductor element 40. Here, it is preferable to adhere these three 
semiconductor elements to one another using an adhesive (not 
shown) to minimize the TCP thickness. That is, it is preferable to 
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adhere the bottom surfaces of the first and the second semiconductor 
elements 20 and 30 to the upper surface of the third semiconductor 
element 40. 

The first leads 16a are bonded to the protruding electrodes 22 
on the first semiconductor element 20 and the protruding electrodes 
32 on the second semiconductor element 30. The second leads 16b are 
bonded to the protruding electrodes 42 on the third semiconductor 
elements 40. 

Because the fabrication methods of the tape carrier 10 and the 
TCP of the present embodiment are substantially the same as those of 
the third embodiment, explanation thereof will be omitted. 

According to the fourth embodiment of the present invention, 
three semiconductor elements may be mounted on a tape carrier, 
which includes sets of leads comprising inner lead portions having 
two different lengths. Therefore, the package can be made thinner 
than in the case where three semiconductor elements are stacked 
sequentially. Accordingly, functions of the TCP can be improved and 
higher values can be added to the TCP more efficiently. 
Fifth Embodiment 

Figs. 5A and 5B schematically illustrate a fifth embodiment, 
which is a modified embodiment of the fourth embodiment. Fig. 5A 
is a plan view schematically illustrating an example of a TCP 
structure. Fig. 5B is a sectional view taken along line C-C of Fig. 5 A 
and seen from the direction indicated by arrows. 

Hereinafter, the fifth embodiment of the present invention will 
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be described with reference to Figs. 5A and 5B. 

A tape carrier and semiconductor elements mounted on the 
tape carrier shown in Figs. 5A and 5B are based on the structure of 
the fourth embodiment, and is characterized in that the first and the 
second semiconductor elements 20 and 30 are connected by metal 
wires 44. Because the structures, the arrangements, and the 
connection relationships of the tape carrier 10, the first, second, and 
third semiconductor elements 20, 30, and 40 are similar to those 
described in connection with the fourth embodiment, explanation 
thereof will be omitted. Only characteristics unique to the fifth 
embodiment, namely, a provision of metal wires 44, will be described 
below. 

The three semiconductor elements are mounted in a device hole 
14. The first and second semiconductor elements 20 and 30 are 
mounted on the upper surface side of the third semiconductor 
element 40. The protruding electrodes 22 and 32 are disposed along 
the opposing edges of the first and second semiconductor elements 
20 and 30, respectively. The metal wires 44 are bonded to the 
protruding electrodes 22 and 32. The protruding electrodes 22 and 32, 
which are disposed with the opposing edges of the first and the 
second semiconductor elements 20 and 30 interposed therebetween, 
are connected by the metal wires 44. 

The metal wires 44 can be of any width and length, and can be 
made of any material as long as the objects of the present invention 
can be accomplished. However, from the viewpoint of fabrication 
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process, it is preferable to select the width, length and material so 
that the same bonding device used for bonding the inner lead 
portions and the protruding electrodes of the semiconductor 
elements can also be used. 

According to the fifth embodiment of the present invention, 
because the first and second semiconductor elements 20 and 30 are 
directly connected, packaging operation may be carried out quickly. 
Moreover, because two semiconductor elements may be made to 
cooperate in the package, the functions of the package can be even 
further improved. 

Because the fabrication methods of the tape carrier 10 and the 
TCP of the present embodiment are substantially the same as those of 
the third embodiment, explanation thereof will be omitted. Only 
parts of the fabrication method which is unique to the TCP of the 
fifth embodiment will be explained below. 

The first leads 16a are aligned with and bonded to the 
protruding electrodes 22 on the first semiconductor element 20 using 
a bonding device. Then, the second leads 16b are aligned with and 
bonded to the protruding electrodes 32 on the second semiconductor 
element 30 and the protruding electrodes 42 on the third 
semiconductor elements 40 using the bonding device. When the inner 
lead portions and the electrodes are aligned with each other, an 
adhesive, or the like, is applied in advance to the lower surface of the 
first semiconductor element 20 to adhere the first and second 
semiconductor elements 20 and 30 to the third semiconductor 
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element 40. 

The bonding of the metal wires 44 is preferably carried out, 
using a bonding device, when the semiconductor elements are being 
aligned with one another in the device hole 14. Alternately, the 
bonding of the metal wires 44 may be carried out after all the inner 
lead portions are bonded, or the three semiconductor elements may 
be adhered to one another before being mounted on the tape carrier, 
then the first and the second semiconductor elements 20 and 30 may 
be connected by the metal wires 44, and the stacked body of the 
semiconductor elements may be bonded to the inner lead portions. In 
this manner, the structure shown in Figs. 5A and 5B is obtained. 

Finally, the mold 60 is formed in the same manner as described 
in connection with the third embodiment. 
Sixth Embodiment 

Figs. 6A and 6B schematically illustrate a sixth embodiment of 
the present invention. Fig. 6A is a plan view schematically 
illustrating a TCP structure having three semiconductor elements 
mounted on a tape carrier 10. Fig. 6B is a sectional view taken along 
line C-C of Fig. 6A and seen from the direction indicated by arrows. 

Hereinafter, the sixth embodiment of the present invention will 
be described with reference to Figs. 6A and 6B. 

In the sixth embodiment, as in the case of the fourth 
embodiment, the tape carrier 10 includes the sets of leads 16, each set 
being composed of leads including the inner lead portions of two 
different lengths, i.e., the first lead 16a and the second lead 16b which 
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is shorter than the first lead 16a. Several sets of the leads 16 are 
disposed parallel to one another on the base tape 11. Two sets of 
leads 16 are disposed along each of the four peripheral edges 15 of 
the device hole 14. The size and arrangement of the semiconductor 
elements mounted on the tape carrier 10 of the sixth embodiment are 
different from those of the fourth embodiment. 

Each of the three semiconductor elements has a 
rectangular-parallelepiped shape. The upper and the lower surfaces 
of the first semiconductor element 20 have an identical square-shape. 
The thickness of the three semiconductor elements is identical. The 
length of the longer sides of the upper surface of the second 
semiconductor element 30 is equal to the length of the longer sides of 
the upper surface of the third semiconductor element 40. The second 
and the third semiconductor elements 30 and 40 are disposed parallel 
to but physically and electrically spaced apart from each other at the 
lower surface side of the first semiconductor element 20 so that the 
longer sides of the second and third semiconductor elements face 
each other. 

In the present embodiment, the second and the third 
semiconductor elements 30 and 40 are mounted at the lower surface 
side of the first semiconductor element 20 so that their own functions 
are not impaired. The first semiconductor element 20 is mounted on 
the second and the third semiconductor elements 30 and 40, such that 
the first semiconductor element 20 does not contact the protruding 
electrodes 32 and 42 on the second and the third semiconductor 
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elements 30 and 40 and form short circuits, thereby impairing the 
functions of the electrodes. Thus, it is preferable to mount the first 
semiconductor element 20 at the inner side of the bonding pads to 
which the inner lead portions of the second and the third 
semiconductor elements 30 and 40 are bonded. Here, it is preferable 
to adhere these three semiconductor elements to one another using 
an adhesive (not shown) to minimize the TCP thickness. That is, the 
bottom surface of the first semiconductor element 20 is adhered to 
the upper surfaces of the second and the third semiconductor 
elements 30 and 40 at an area where the functions of the 
semiconductor element do not impair one another. The distance 
between the second and the third semiconductor elements 30 and 40 
can be varied in accordance with, for example, the size of the first 
semiconductor element 20. The thickness of the three semiconductor 
elements may be different from one another. 

Each of the first leads 16a is bonded to the corresponding 
protruding electrode 22 on the first semiconductor element 20. Each 
of the second leads 16b is bonded to the corresponding protruding 
electrode 32 or 42 on the second or the third semiconductor element 
30 or 40. 

Because the fabrication methods of the tape carrier 10 of the 
present embodiment is substantially the same as those of the third 
embodiment, explanation thereof will be omitted. Only parts of the 
fabrication method which is unique to the TCP of the sixth 
embodiment will be explained below. 
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Each of the inner lead portion end portions of the first leads 16a 
in the device hole 14 and the corresponding first protruding electrode 
22 of the first semiconductor element 20 are aligned with and bonded 
to each other using a bonding device. Then, each of the inner lead 
portion end portions of the second leads 16b and the corresponding 
second or the third protruding electrode 32 or 42 of the second or the 
third semiconductor element 30 or 40 are aligned with and bonded to 
each other using the bonding device. When the leads and the 
electrodes are aligned with each other, an adhesive, or the like, may 
be applied in advance to the lower surface of the first semiconductor 
element 20 to adhere the first semiconductor element 20 to the second 
and the third semiconductor elements 30 and 40. In this manner, the 
structure shown in Figs. 6A and 6B is obtained. 

Finally, the semiconductor elements are sealed by a mold 
formed of resin, or the like. At this time, in consideration of a heat 
dissipation property of the semiconductor elements, cost 
performance optimization resulting from savings of molding material, 
and the like, surfaces of one or more of the mounted semiconductor 
elements may be exposed. If semiconductor elements of different 
widths are mounted, surfaces of one or more of the semiconductor 
elements may be exposed in accordance with the total thickness of 
the stacked semiconductor elements. 

With this structure, the same effects as those of the fourth 
embodiment can be achieved. 
Seventh Embodiment 
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Figs. 7 A and 7B schematically illustrate a seventh embodiment 
of the present invention. Fig. 7 A is a plan view schematically 
illustrating a TCP structure having two semiconductor elements 
mounted on a tape carrier 10. Only outlines of the first semiconductor 
element 20 are shown in Fig. 7 A to make this drawing of the 
arrangement and connections of the second semiconductor element 
30 which is mounted under the first semiconductor element 20 simple 
and easy to understand. Fig. 7B is a sectional view taken along line 
C-C of Fig. 7 A and seen from the direction indicated by arrows. 

Hereinafter, the seventh embodiment of the present invention 
will be described with reference to Figs. 7 A and 7B. 

In the seventh embodiment, as in the case of the fourth and the 
sixth embodiments, the tape carrier 10 includes the sets of the leads 
16, each set being composed of two leads, including inner lead 
portions of two different lengths, i.e., the first lead 16a and the 
second lead 16b which is shorter than the first lead 16a. Several sets 
of the leads 16 are disposed parallel to one another on the base tape 
11. The number and arrangement of the semiconductor elements 
mounted on the tape carrier 10 of the seventh embodiment are 
different from those of the fourth and sixth embodiments. 

In the tape carrier 10 of the present embodiment, two 
semiconductor elements, i.e., the first semiconductor element 20 and 
the second semiconductor element 30 are mounted in the device hole 
14. 

The first and second semiconductor elements 20 and 30 are of 
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rectangular-parallelepiped shape. The upper and the lower surfaces 
of these semiconductor elements are square-shaped. These 
semiconductor elements have the same thickness. The dimensions of 
the upper surface of the first semiconductor element 20 are larger 
than those of the second semiconductor element 30. 

The first protruding electrodes 22 are disposed on the lower 
surface of the first semiconductor element 20 along the outer 
peripheral edges thereof. The second protruding electrodes 32 are 
disposed on the upper surface of the second semiconductor element 
30 along the outer peripheral edges thereof. Therefore, these 
semiconductor elements are mounted with the first protruding 
electrodes 22 and the second protruding electrodes 32 facing each 
other. That is, these semiconductor elements are oriented in opposite 
directions. 

Lower surfaces of end portions of the first leads 16a are bonded 
to the protruding electrodes 32 provided on the upper surface of the 
second semiconductor element 30 in a so-called "face-down" manner. 
Upper surfaces of end portions of the second leads 16b are bonded to 
the protruding electrodes 22 provided on the lower surface side of 
the first semiconductor element 20 in a so-called "face-up" manner. 

If the protruding electrodes contact each other, short circuits 
will be formed and the functions of the mounted semiconductor 
elements and thus the package itself will be impaired. To prevent this, 
the first and the second semiconductor elements 20 and 30 must be 
spaced apart from each other. In the present embodiment, the first 
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and the second semiconductor elements 20 and 30 are spaced apart 
by a distance dl, whereby formation of short circuits between these 
semiconductor elements is prevented. 

The semiconductor elements in the present embodiment may be 
of different thicknesses. 

The fabrication methods of the tape carrier 10 of the present 
embodiment is substantially the same as those of the third 
embodiment, except that the sets of inner lead portions having two 
different lengths are optimally selected based on the semiconductor 
element to which the inner lead portions are to be bonded, so 
explanation of the fabrication methods of the tape carrier 10 will be 
omitted. Only a part of the fabrication method characteristic of the 
TCP of the seventh embodiment will be explained below. 

Each of the inner lead portion end portions of the first leads 16a 
in the device hole 14 and the corresponding second protruding 
electrode 32 of the second semiconductor element 30 are aligned with 
and bonded to each other using a bonding device. Then, the tape 
carrier 10 is turned to have the reverse side up. Thereafter, each of 
the second leads 16b and the corresponding first protruding 
electrodes 22 of the first semiconductor element 20 are aligned with 
and bonded to each other using the bonding device. In this manner, 
the structure shown in Figs. 7 A and 7B is obtained. 

Though the fabrication method of the present embodiment 
includes a step of turning the tape carrier 10, this step may be 
omitted by use of, for example, a device with which the inner lead 
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portions may be bonded to the both sides of the tape carrier 10. 

Finally, the semiconductor elements are sealed by a mold 
formed of resin, or the like. The mold 60 is formed such that the first 
and second semiconductor elements 20 and 30 are spaced apart by 
the distance dl. 

As in the cases of the above-described embodiments, in 
consideration of heat dissipation properties of the semiconductor 
elements, cost performance optimization resulting from savings of 
molding material, and the like, surfaces of one or more of the 
semiconductor elements mounted on the tape carrier 10 may be 
exposed. 

According to the structure of the seventh embodiment of the 
present invention, the protruding electrodes, i.e., the bonding pads, 
of the mounted semiconductor elements are protected inside the 
package. Therefore, the strength of the TCP against external impacts 
can be improved, whereby the functions of the TCP can be further 
improved as in the cases of the above-described embodiments, and 
the yields can be increased. 
Eighth Embodiment 

Fig. 8 is a sectional view schematically illustrating an eighth 
embodiment, which is a modified embodiment of the seventh 
embodiment. The plan view of the present embodiment is omitted 
because it is substantially the same as Fig 7 A. 

In the eighth embodiment, as in the case of the seventh 
embodiment, the tape carrier 10 includes the sets of the leads 16. Each 
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of the sets is composed of the two leads including the inner lead 
portions of two different lengths, i.e., the first lead 16a and the 
second lead 16b, which is shorter than the first lead 16a. Several sets 
of leads 16 are disposed parallel to one another on the base tape 11. 
The present embodiment differs from the seventh embodiment in that 
the first semiconductor element 20 and the second semiconductor 
element 30 are spaced apart from each other by a distance d2, and 
thus the lengths of the inner lead portions are optimally decided. The 
distance d2 of the present embodiment is larger than the distance dl 
of the seventh embodiment (i.e., dl < d2). Preferably, the distance d2 
is larger than the distance dl as long as the TCP maintains the 
thinness. 

The first semiconductor element 20 is slightly offset upward in 
the device hole 14. The second semiconductor element 30 is slightly 
offset downward in the device hole 14. Accordingly, the lengths of 
the first and the second leads 16a and 16b are optimally made rather 
long so that the leads 16a and 16b comprise length sufficient to form 
the offsets. 

Since requirements for shape and arrangement of the 
semiconductor elements to be mounted are the same as those for the 
seventh embodiment, explanation thereof will be omitted. 

The fabrication methods of the tape carrier 10 of the present 
embodiment is substantially the same as those of the seventh 
embodiment, except that the margins are included in the first and 
second inner lead portions 16a and 16b, so explanation thereof will be 
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omitted. The fabrication methods of the TCP of the present 
embodiment is substantially the same as those of the seventh 
embodiment, except that the mold 60 is formed with the distance d2 
being kept, so explanation thereof will also be omitted. 

Although two of the semiconductor elements are mounted in 
the present embodiment, three or more of the semiconductor 
elements may also be mounted. In this case, a tape carrier 10 which 
includes sets of leads having three different lengths may be used. An 
unillustrated third semiconductor element may be adhered to the 
upper surface of the second semiconductor element 30 which is 
spaced apart from the first semiconductor element 20. 

In the structure of the eighth embodiment, the distance between 
the opposing surfaces of the semiconductor elements becomes larger. 
Therefore, in addition to the effects achieved by the seventh 
embodiment, mutual interference between the semiconductor 
elements resulting from noise, or the like, generated by the 
semiconductor elements can be reduced. Accordingly, malfunctions, 
such as improper operations, of the semiconductor elements can be 
prevented. 
Ninth Embodiment 

Figs. 9A and 9B schematically illustrate a ninth embodiment of 
the present invention. Fig. 9A is a plan view schematically 
illustrating a TCP structure having two semiconductor elements 
mounted on a tape carrier 10. Fig. 9B is a sectional view taken along 
line C-C of Fig. 9A and seen from the direction indicated by arrows. 
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Hereinafter, the ninth embodiment of the present invention will 
be described with reference to Figs. 9 A and 9B. In the ninth 
embodiment, as in the case of, for example, the fourth embodiment, 
the tape carrier 10 includes the sets of the leads 16. Each of the set is 
composed of the first lead 16a and the second lead 16b, which is 
shorter than the first lead 16a. Several sets of the leads 16 are 
disposed parallel to one another on the base tape 11. Three 
semiconductor elements are mounted in a device hole 14. The present 
embodiment differs from the fourth embodiment in that outer lead 
portions of the leads 16 are formed as lands 50, to which metal balls 
52, serving as electrodes, are connected. Therefore, the ninth 
embodiment relates to a tape carrier whose external connection 
terminals are formed as BGA. 

The outer lead portions of the leads 16a are formed as lands 50 
at areas where the metal balls 52, serving as external connection 
electrodes, can be connected. The lands 50 are arranged in a grid 
pattern and surround the device hole 14. The lands 50 are disposed 
on two concentric rectangles with the center of the device hole 14 
being the center of concentricity equidistantly from adjacent lands 50. 
In the present embodiment, eleven lands 50 are disposed on each of 
the four sides of the outer concentric rectangle, and nine lands 50 are 
disposed on each of the four sides of the inner concentric rectangle. 
Thus, the present embodiment can also be considered as being 
fabricated in a manner that, the 11 X 11 lands 50 are disposed on the 
base tape 11 in a grid pattern, and then the device hole 14 is formed 



42 



to have only the outermost two lines of lands 50. The total number of 
the lands 50 is larger than the total number of the leads 16. The outer 
lead portion side terminals of the first leads 16a that are opposite to 
the inner lead portion side are connected to the lands 50 disposed on 
the inner concentric rectangle. The second leads 16b are connected to 
the lands 50 disposed on the outer concentric rectangle. The metal 
balls 52, serving as electrodes, are connected to the lands 50. As in the 
cases of the above-described embodiments, the leads 16 are covered 
with and protected by a solder resist 18 within a range in which the 
leads 16 are on the base tape 11. That is, the base tape 11 is covered 
and protected by the solder resist 18 except the areas where the lands 
50 and the metal balls 52 are disposed. The solder resist 18 includes 
openings 19a formed therein for exposing the upper surfaces 50a of 
the lands 50. To explain in more detail, the solder resist 18 may be 
formed by a screen masking method in which the solder resist 18 is 
applied selectively to the required portions, or by a method in which 
a photo solder resist is first applied to an entire surface, then exposed 
or etched so that the photo solder resist is left only at desired areas. 
The metal balls 52 are connected to the upper surfaces 50a of the 
lands 50 via the openings 19a. To explain in more detail, the metal 
balls 52 are first mounted on the lands 50 using a flux, then the metal 
balls 52 are connected to the lands 50 by re-flowing. The metal balls 
52 protrude from the solder resist 18. The metal balls 52 are plated 
with metal, such as Au, solder, or the like. The TCP is mounted on, 
for example, a printed wiring board via the metal balls 52. 
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Although the configuration of the first and second leads 16a 
and 16b, the number, the size, and the arrangement of the 
semiconductor elements of the present embodiment are decided 
according to the fourth embodiment, the present invention is not 
limited to the same. The semiconductor elements of the ninth 
embodiment can be mounted on the tape carrier 10 in any manner as 
described in the foregoing embodiments and modified embodiments. 
For example, as shown in the third embodiment, sets of inner lead 
portions having three different lengths may be prepared and three 
semiconductor elements may be oriented in the same direction. 

In the present embodiment, each lead 16 is connected to the 
closest land 50. However, the land 50 to which each lead 16 is 
connected can be selected freely as long as the lead 16 does not form 
short circuits with the other leads 16 or with the metal balls, and 
malfunctions, such as signal delays, do not occur. 

According to the present embodiment, in addition to the effects 
achieved by the above-described embodiments, because leads of the 
outer lead portion side can be more freely connected, positions of 
terminals which output the output signal of the mounted 
semiconductor elements can be selected freely as long as troubles, 
such as short circuits or signal delays, do not occur. 

The fabrication method of the tape carrier 10 and the TCP of the 
present embodiment are substantially the same as those of the 
above-described embodiments. Therefore, only the summary of the 
fabrication method of the TCP of the present embodiment will be 
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given. If the lands 50 are formed in a conventional method, the solder 
resist may be formed such that the upper surfaces 50a of the lands 50 
are exposed through the openings 19a. 

With such a structure, the functions of the TCP can be further 
improved and higher values can be added to the TCP by mounting a 
plurality of the semiconductor elements. Further, the TCP can be 
mounted on, for example, a printed wiring board at the same time 
with other components by a method called "re-flowing." Therefore, 
the fabrication process of the TCP can be simplified, which helps to 
further reduce the manufacturing cost. The output positions of the 
output signals of the semiconductor elements mounted on the TCP 
can be allocated to the lands with certain degree of freedom. 
Tenth Embodiment 

Fig. 10 schematically illustrates a tenth embodiment of the 
present invention. Fig. 10 is a sectional view of a TCP structure 
having three semiconductor elements mounted on a tape carrier 10. 

The plan view of the tape carrier 10 is substantially the same as 
Fig. 9A except that the solder resist 18 covers the lands 50 and no 
openings 19a are provided, so an explanation thereof will be omitted. 

Hereinafter, the tenth embodiment of the present invention will 
be described with reference to Fig. 10. In the tenth embodiment, as in 
the case of the ninth embodiment, the tape carrier 10 includes the sets 
of the leads 16, each of the sets being composed of the first lead 16a 
and the second lead 16b which is shorter than the first lead 16a. 
Several sets of the leads 16 are disposed parallel to one another on 
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the base tape 11. Three semiconductor elements are mounted in a 
device hole 14. The outer lead portions of the leads 16 are formed as 
lands 50, which are connected to metal balls 52, serving as electrodes. 
The present embodiment differs from the ninth embodiment in that 
the metal balls 52 are provided at a lower surface 10b side of the tape 
carrier 10. 

The tenth embodiment will be described only in connection to 
differences thereof with the ninth embodiment. The upper surfaces 
50a of the lands 50 are covered with the solder resist 18. When seen 
from the lower surface 10b side of the tape carrier 10, the base tape 11 
includes openings 19b which pass through lower surfaces 50b of the 
lands 50. The metal balls 52 are connected from beneath the base tape 
11, i.e., connected at the lower surface 10b side of the tape carrier 10 
through the openings 19b. 

Because a structure of the tape carrier 10 and a manner in which 
the semiconductor elements are mounted on the tape carrier 10 in the 
tenth embodiment are substantially the same as those of the ninth 
embodiment, explanation thereof will be omitted. 

Although the configuration of the first and second leads 16a 
and 16b, the number, the size, and the arrangement of the 
semiconductor elements of the present embodiment are decided 
according to the ninth embodiment, the present invention is not 
limited to the same. The semiconductor elements of the tenth 
embodiment can be mounted on the tape carrier 10 in any manner as 
described in all of the foregoing embodiments and modified 



46 



embodiments. 

In the present embodiment, in consideration of signal delays, or 
the like, it is preferable to connect each lead 16 to the closest land 50. 
However, the land 50 to which each lead 16 is connected can be 
selected freely as long as the lead 16 does not form short circuits with 
other leads 16 or with the metal balls. 

The fabrication method of the tape carrier 10 and the TCP of the 
present embodiment is substantially the same as those of the 
above-described embodiments. Therefore, only the summary of the 
fabrication method of the TCP of the present embodiment will be 
given. If the lands 50 are formed in a conventional method, the solder 
resist may be formed such that the upper surfaces 50a of the lands 50 
are exposed through the openings 19a. 

First, device holes 14 and sprocket holes 12 are formed on the 
base tape 11. The openings 19b are formed so that the lower surfaces 
50b of the lands 50 are exposed at the lower surface 10b side of the 
tape carrier 10. Then, the lands 50 and the leads 16 which are 
connected to the lands 50 are formed by a conventional method. 
Thereafter, the solder resist 18 is provided. Finally, the metal balls 52 
are connected to the lands 50 via the openings 19b. 

According to the TCP structure of the tenth embodiment, in 
addition to the effects achieved by the ninth embodiment, because 
the direction in which the semiconductor elements are mounted on 
the tape carrier 10 (i.e., the downward direction) and the direction in 
which the metal balls 52 are connected are the same, an even thinner 
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TCP may be obtained. 
Eleventh Embodiment 

Fig. 11 schematically illustrates an eleventh embodiment of the 
present invention. Fig. 11 is a sectional view of a TCP structure 
having three semiconductor elements mounted on a tape carrier 10. 

The plan view of the present embodiment is substantially the 
same as Fig. 9 A, except that the metal balls 52 are not connected to 
the openings 19a, so explanation thereof will be omitted. 

Hereinafter, the eleventh embodiment of the present invention 
will be described with reference to Fig. 11. In the tape carrier 10 of 
the present invention, the openings 19a are further formed on a 
solder resist 18 at the upper surface 50a side of the lands 50 in the 
tape carrier 10 of the tenth embodiment. The metal balls 52 are 
connected to the lands 50 via the openings 19a. Thus, the present 
embodiment may be considered a combined form of the ninth and 
tenth embodiments, so detailed explanation thereof will be omitted. 

The leads 16 of the eleventh embodiment are protected by the 
solder resist 18 within a range in which the leads 16 are on the base 
tape 11. That is, the base tape 11 is covered and protected by the 
solder resist 18 except the area where the upper surfaces 50a of the 
lands 50 are disposed. The solder resist 18 includes the openings 19a 
formed thereon for exposing the upper surfaces 50a of the lands 50. 
Further, as in the case of the tenth embodiment, openings 19b are 
formed on the base tape 11 through which the lower surfaces 50b of 
the lands 50 are exposed. The metal balls 52 are connected to the base 
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tape 11 from beneath, i.e., connected at the lower surface 10b side of 
the tape carrier 10, which is the lower surface 50b side of the lands 50, 
through the openings 19b. Though the metal balls 52 are connected at 
the lower surfaces 50b side of the lands 50 in the present embodiment, 
the metal balls 52 may be connected to only the upper surfaces 50a or 
to both of the upper and lower surfaces (i.e., the upper and lower 
surfaces 50a and 50b). 

Because the structure of the tape carrier 10 and the manner in 
which the semiconductor elements are mounted on the tape carrier 10 
in the eleventh embodiment are substantially the same as those of the 
ninth embodiment, explanation thereof will be omitted. 

Although the configuration of the first and second leads 16a 
and 16b, the number, the size, and the arrangement of the 
semiconductor elements of the present embodiment are decided 
according to the ninth embodiment, the present invention is not 
limited to the same. The semiconductor elements of the eleventh 
embodiment can be mounted on the tape carrier 10 in any manner 
described in the foregoing embodiments and modified embodiments. 

In the present embodiment, in consideration of signal delays, or 
the like, it is preferable to connect each lead 16 to the closest land 50. 
However, the land 50 to which each lead 16 is connected can be 
selected freely as long as the lead 16 does not form short circuits with 
other leads 16 or with the metal balls. 

According to the structure of the tape carrier 10 of the present 
embodiment, when the TCP using the tape carrier 10 is mounted on, 
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for example, a printed wiring board, the metal balls 52, which are 
connected to the lands 50 exposed to the upper or lower surface 10a 
or 10b side of the tape carrier 10, may be surface mounted on the 
board. That is, when the tape carrier 10 is mounted on the substrate, 
the metal balls 52 may be selectively disposed on the upper surface 
10a or the lower surface 10b of the tape carrier 10. Thus, the tape 
carrier 10 may be mounted on, for example, a printed wiring board, 
using both the sides thereof. As a result, the functions of the TCP can 
be further improved. 

The fabrication method of the tape carrier 10 and the TCP of the 
present embodiment are substantially the same as those of the 
above-described embodiments. Therefore, only a part of the 
fabrication method characteristic of the TCP of the eleventh 
embodiment will be explained below. 

First, device holes 14 and sprocket holes 12 are formed on the 
base tape 11. The openings 19b are formed so that the lower surfaces 
50b of the lands 50 are exposed at the lower surface 10b side of the 
tape carrier 10. Then, the lands 50 and the leads 16 which are 
connected to the lands 50 are formed by a conventional method. 
Thereafter, the openings 19a are formed on the solder resist 18 so that 
the lands 50 are exposed therethrough. Finally, the metal balls 52 are 
connected to the lands 50 via the openings 19b on the base tape 11 or 
the openings 19a on the solder resist 18. 
Twelfth Embodiment 

Fig. 12 schematically illustrates a twelfth embodiment, which is 



50 



an applied embodiment of the eleventh embodiment of the present 
invention. Fig. 12 is a sectional view of a TCP which is made up of 
two TCPs of the eleventh embodiment stacked in the vertical 
direction. 

The plan view of the tape carrier 10 of the present embodiment 
is substantially the same as Fig. 9A, so explanation thereof will be 
omitted. 

Hereinafter, the twelfth embodiment of the present invention 
will be described with reference to Fig. 12. Because the fabrication 
method of the tape carrier 10 and the TCP of the present embodiment 
are substantially the same as those of the eleventh embodiment, 
explanation thereof will be omitted. 

In the present embodiment, the metal balls 52 of each of the two 
tape carriers 10 are connected to the tape carrier 10 from beneath via 
openings 19b of a base tape 11. 

Metal balls 52a of the first tape carrier lOaa, which is the upper 
one of the two stacked TCPs, are connected to lands 50bb of the 
second tape carrier lObb, which is the lower one of the two stacked 
TCPs, via the openings 19a formed in a solder resist 18 provided on 
the upper surface of the second tape carrier lObb. 

Although two TCPs are stacked in the present embodiment, 
three or more TCPs may be stacked as long as the objects of the 
present invention are met. As described in connection with the 
eleventh embodiment, metal balls 52a and 52b may be provided on 
the upper surfaces of the lands 50aa and 50bb of the two tape carriers 
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lOaa and lObb and the two tape carriers lOaa and lObb may be 
stacked. 

Although two identical TCPs are stacked in Fig. 12, the present 
invention is not limited thereto. Conditions, such as the lengths of the 
inner lead portions, the number of semiconductor elements to be 
mounted, and the manner in which the semiconductor elements are 
mounted, may be different between the two TCPs. In a case in which 
output signals are transferred directly from the upper TCP to the 
mounted board, metal balls may be provided on the lands of the 
intermediate TCP to conduct the upper TCP and the mounted board. 

According to the structure of the present embodiment, output 
and input terminals of two or more of TCPs may be integrated on a 
mounting area of a single TCP and connected to the mounting board. 
Further, the semiconductor elements mounted on the separate tape 
carriers may be connected to each other. Accordingly, the functions 
of the TCP can be further improved within the same mounting area 
as those of conventional TCPs. 
Thirteenth Embodiment 

A thirteenth embodiment relates to a fabrication method of the 
TCP of the first embodiment of the present invention. Figs. 13A-13D 
are sectional views illustrating steps of a fabrication process of the 
thirteenth embodiment of the present invention. First, as shown in 
Fig. 13 A, a tape carrier for the TCP is prepared. A base film 101 is 
made of polyimide, for example. Sprocket holes 102 are formed in the 
base film 101 for conveyance of the same. One end portion of each of 
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the inner lead portions 104 and 105 includes a terminal 103 which is 
connected to an external substrate. At a bonding step, the other end 
portion of each of the inner lead portions 104 and 105 is bonded to a 
corresponding electrode on each semiconductor element. The inner 
lead portion 105 connected to electrodes 111 on a lower 
semiconductor element 107 is shorter than the inner lead portion 104 
connected to electrodes 108 on an upper semiconductor element 107. 
The terminals 103 and the inner lead portions 104 and 105 are plated 
with Sn, Au or solder. A solder resist 106 is formed to protect the 
copper-made wiring pattern. 

Next, as shown in Fig. 13B, the upper semiconductor element 
107 is prepared. The protruding electrodes 108, formed on the upper 
semiconductor element 107, and the inner lead portions 104 are 
aligned with each other, and the inner lead portion 104 is bonded, 
one at a time, to the protruding electrode 108 using a bonding tool 
113 by an ultrasonic thermo-compression bonding method, or the 
like. 

Then, as shown in Fig. 13C, a semiconductor element 110, 
having an adhesive applied to the upper surface thereof, is prepared. 
The protruding electrodes 111 and the inner lead portions 105 are 
aligned with each other, and the inner lead portion 105 is bonded, 
one at a time, to the protruding electrode 111 using a bonding tool 
113 in the ultrasonic thermo-compression bonding method, or the 
like. Because the electrodes 111 on the lower semiconductor element 
110 are disposed lower than the plane on which the inner lead 
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portions 105 extend, the inner lead portions 105 are slightly bent 
downward. An adhesive 109 may be applied in advance to the back 
surface of the upper semiconductor element 107. 

Finally, as shown in Fig. 13D, a sealing resin 112 seals the entire 
upper semiconductor element 107, side surfaces of the lower 
semiconductor element 110, the inner lead portions 104 and 105, a 
part of the solder resist 106 and a part of the base film 101 to protect 
the package. Thereafter, the sealing resin 112 is heated and cured (not 
shown). At the same time, the adhesive 109 is also heated and cured. 
In this manner, the TCP in which two semiconductor elements are 
stacked is formed. 
Fourteenth Embodiment 

A fourteenth embodiment relates to another fabrication method 
of the TCP of the first embodiment of the present invention. Figs. 
14A-14D are sectional views illustrating steps of fabrication process 
of the fourteenth embodiment of the present invention. First, as 
shown in Fig. 14A, a tape carrier for the TCP is prepared. A base film 
101 is made of polyimide, for example. Sprocket holes 102 are formed 
on the base film 101 for conveyance of the base film 101. One end 
portion of each of the inner lead portions 104 and 105 is connected to 
a corresponding electrode on the semiconductor element. The other 
end portion of each of the inner lead portions 104 and 105 includes a 
terminal 103 which is connected to an external substrate. The inner 
lead portion 105 is shorter than the inner lead portion 104. 

Next, as shown in Fig. 14B, an upper semiconductor element 
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107 is prepared. The protruding electrodes 108 and the inner lead 
portions 104 are aligned with each other, and all the inner lead 
portions 104 are bonded, at the same time, to the protruding 
electrodes 108 using a bonding tool 114 by the ultrasonic 
thermo-compression bonding method, or the like. 

Then, as shown in Fig. 14C, a semiconductor element 110, 
having an adhesive applied to the upper surface thereof, is prepared. 
The protruding electrodes 111 and the inner lead portions 105 are 
aligned with each other, and the inner lead portion 105 is bonded, 
one at a time, to the protruding electrode 111 using a bonding tool 
113 in an ultrasonic thermo-compression bonding method, or the like. 
An adhesive 109 may be applied in advance to the back surface of the 
upper semiconductor element 107. 

Finally, as shown in Fig. 14D, a sealing resin 112 seals the entire 
upper semiconductor element 107, side surfaces of the lower 
semiconductor element 110, the inner lead portions 104 and 105, a 
part of the solder resist 106 and a part of the base film 101 to protect 
the package. Thereafter, the sealing resin 112 is heated and cured (not 
shown). At the same time, the adhesive 109 is also heated and cured. 
In this manner, the TCP in which two semiconductor elements are 
stacked is formed. 
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